This paper investigates the traffic-related effects of a proposal to increase the speed limit from 40 mile/h to 50 mile/h, for heavy goods vehicles greater than 7.5 tonnes, on single carriageway roads. A 'microscopic' single carriageway traffic simulation is developed by combining the 'enhanced intelligent driver model' with a single carriageway gap-acceptance passing model. Fuel consumption estimates are made using engine characteristic maps and a 'fuel optimal' gear selection scheme, where vehicle trajectories from the traffic simulations are taken as input drive-cycles. Traffic congestion and fleet fuel consumption are specifically addressed, though implications regarding passing behaviour and traffic safety are also noted. Results indicate that the proposed 50 mile/h heavy goods vehicles speed limit would reduce traffic congestion by over 37% and increase fleet fuel consumption by approximately 0.5 L/100 km.
Background Introduction
The Department for Transport (DfT) in the United Kingdom currently imposes a 40 mile/h speed limit for heavy goods vehicles (HGVs) greater than 7.5 tonnes on single carriageway roads (also known as two-lane, two-way highways). As seen in Table 1 , this limit makes HGVs the most speed-restricted vehicles on single carriageways. On 9 November 2012, the DfT issued a consultation to evaluate the effects of increasing the speed limit for HGVs from 40 mile/h to 50 mile/h, and from 40 mile/h to 45 mile/h. 1 The consultation gave several arguments in favour of a new, higher HGV speed limit: '. . .the current 40mph speed limit causes unnecessary cost to vehicle operators, congestion, avoidable overtaking collisions and creates an uneven playing field for businesses'. Road freight operators widely supported these claims, emphasising that the current speed limit restricts the sector's overall economic production. However, critics argue that the proposed new speed limits would reduce road safety. The Royal Society for the Prevention of Accidents argues that a higher HGV speed limit would lead to '. . .more, and more severe, road accidents and casualties' involving HGVs. 2 The added cost of such accidents could more than offset the economic benefits associated with shorter journey times. Other issues, such as increased risk to cyclists, road maintenance and noise pollution, were also cited as undesirable consequences of a higher HGV speed limit.
Over the course of the consultation period, several organisations attempted to measurably evaluate these concerns. This work addresses two important, yet overlooked topics with respect to these studies: traffic congestion and fuel consumption.
The objectives of this study were:
1. To developing a single carriageway traffic model representative of UK roads. 2. To evaluate the effects of the proposed HGV speed limit on traffic congestion and fuel consumption using this model.
Greenshields et al. 3 conceived the first of these curves, the 'Fundamental Diagram', by proposing a linear correlation between the average fleet travel speed and traffic density. Further studies have been conducted to develop more accurate speed-flow relationships, with the most success coming from multiregime models. 4 Researchers have also attempted to qualitatively represent all traffic flows. Kerner and Rehborn 5 proposed three phases: free-flow, synchronised flow and wide moving jam flow which correspond to low, medium and high traffic densities, respectively. Their research introduced the unstable phenomena of stop-and-go waves, also known as wide-moving jams, which develop at mid-high densities and propagate upstream. While popular, the three-phase model provides a simplistic view of traffic behaviour. Trieber et al. 6 discovered that twophase models, at a certain level of specification, could sufficiently replicate three-phase model behaviour.
Traffic modelling
Traffic modelling attempts to capture the interactions between vehicles, drivers and infrastructure. Traffic models typically fall into two categories: (1) macroscopic continuum models, and (2) microscopic models. Macroscopic continuum models assess bulk traffic flow characteristics such as density, flow and mean velocities using equations typically derived from fluid mechanics. Microscopic traffic models typically simulate the behaviour of each individual vehicle within a system, ideally producing accurate macroscopic results when integrated. The specificity of microscopic models allows for high-resolution simulations, although this comes at a high computational cost. Past research has focused most heavily on developing car-following models -a closed-form set of equations that describes how a specific vehicle follows its leader. Additional models, such as intersection, merging, two-lane and passing models, are typically combined with car-following models to simulate more complex traffic interactions. Optimal velocity models (OVMs) are perhaps the most popular class of microscopic car-following models. Accelerations are calculated as a function of the vehicle's 'optimal velocity' -related to the driver's headway -and its current speed. 7 According to Orosz et al., 8 OVMs 'can reproduce qualitatively almost all kinds of traffic behaviour and also transitions between'. The inclusion of a sensitivity parameter also allows for heterogeneity in driver characteristics. One difficulty with OVMs relates to their underlying parameters. According to Wagner, 9 many of the principal OVM parameters, such as relaxation time, take on unrealistic values in order for the model to match real data. The intelligent driver model (IDM) has become popular more recently, and combines several driving strategies into one complete, crash-free car-following acceleration function. Kesting et al. 10 note that 'the IDM parameters. . .have a reasonable interpretation, are known to be relevant, are empirically measurable, and have realistic values'. An extension to the IDM, known as the enhanced IDM model (ACC), is also available to safeguard realistic behaviour after 'cutin' manoeuvres. This enhanced model was used in a recent study by Morrison et al. 11 to investigate the effects of heavy vehicle size on traffic congestion and fuel consumption.
Single-lane passing models
Single carriageway passing behaviour has been understood quantitatively using various 'passing gap acceptance' models. Farah et al. 12 proposed that the conditional probability of completing a passing manoeuvre is equal to the product of 'desire to pass' and 'gap acceptance' probability functions. Their model included road specific and driver-specific parameters such as road curvature, leading vehicle speed, driver age, skill and aggressiveness. More recently, Ghods 13 modelled the decision to overtake as a function of the driver's perceived 'time to collision' (TTC) with the oncoming vehicle after it has returned to its travel lane. The TTC is a combined variable: it accounts for the speeds and positions of the leading vehicle, oncoming vehicle and overtaking vehicle. Validation against single carriageway data showed that the TTC model outperformed TWOPAS, a leading commercial simulator, in simulating single carriageway behaviour. 13 
Fuel consumption modelling
Fuel consumption models typically require trajectory input information -either from a prescribed drivecycle or a microscopic simulation. This information is often passed into a power balance from which fuel consumption estimates can be made. 14 Various calculated regressions exist for fuel consumptions (and emissions) modelling. 15 However, these regressions assume steady velocity profiles, thus failing to capture any transient behaviour. More effective results are obtained through the combined use of engine maps with gear selection schemes. Hunt et al. 16 employed gear changes based upon allowable engine speeds, whereas Treiber et al. 17 considered a 'fuel-optimal' gear selection scheme.
Traffic model Model development
A microscopic traffic model was developed by combining the enhanced intelligent driver model (enhanced IDM) 10 with the TTC single carriageway passing model. 13 Figure 1 illustrates the model's structure. Simulations were conducted using a closed 'loop' road layout in the sense that vehicles crossing the end of the road reappear at the beginning in a continuous fashion. However, to the individual vehicles, the road has a straight, level geometry.
The following sections detail the development process of the single carriageway model.
Intelligent driver model
The core of the model is the microscopic, single lane, enhanced IDM car-following model, 10 which is based on the standard IDM equation
where the parameters are defined in Table 2 . The first two terms of equation (1) represent a free-road acceleration strategy while the last term represents a carfollowing acceleration strategy.
The enhanced IDM is used to calculate the acceleration of each vehicle in the traffic stream at each simulation time step. These accelerations are integrated to give the velocity and position of every vehicle. (The single-lane enhanced IDM model was verified by Wilson et al. 18 to behave in accordance with stop-andgo wave theory 5 and Greenshields' general principles. 3 
)
In most scenarios, the enhanced IDM model reduces to the standard IDM model shown in equation (1) . The extended features of the enhanced IDM only become significant during 'cut in' manoeuvres associated with passing and lane-changing. 10 
Extension to include passing
The passing model considers the scenario in Figure 2 . A following vehicle (FV) wants to overtake a leading vehicle (LV) with some distance or 'passing gap' to an opposing vehicle (OV). The decision to overtake is a function of the relative positions, velocities and driver specific parameters of these threevehicles. The model uses the TTC passing framework conceived by Ghods. 13 The FV's decision to overtake a LV is based on the FV's perceived TTC with the OV at the instant that it has returned to its travel lane (Figure 3 ). If the estimated TTC gap is greater than the FVs threshold gap (TTC crit ) then the FV is eligible to initiate a passing manoeuvre.
Calculation of TTC
To calculate the TTC, the passing manoeuvre is broken down into four sequential phases: 13 . Phase 1 -Distance travelled by the FV from 'desire to overtake' to 'pull-out' (D 1 ). . Phase 2 -Distance travelled by the FV from 'pullout' to the point where desired overtaking speed is achieved (D 2 ). . Phase 3 -Distance required to achieve safe separation headway (with the LV) prior to pull-back (D 3 ). . Phase 4 -Distance travelled during pull-back (D 4 ).
It is assumed that the LV and OV travel at constant speeds throughout the manoeuvre; a common assumption used in passing models. 19 The full TTC calculation procedure is not detailed here. Slight changes were made to the original procedure in Ghods, 13 the details and justifications of which are presented by Wilson et al. 18 
Gap acceptance
In the event that TTC 4 TTC crit , a driver's likelihood of initiating a passing manoeuvre is modelled by a gap acceptance probability function. The probability that a particular driver j will accept a given TTC gap is expressed as
where represents the standard cumulative normal curve or 'Probit function', and represents the standard deviation of TTC crit . Equation (2) signifies that drivers are more likely to accept large passing gaps over smaller ones, and is evaluated the moment a passing gap becomes available. Drivers that reject a particular gap do not have the opportunity to overtake until a new gap becomes available.
The gap acceptance sequence presented by Ghods 13 was extended in order to maintain realistic and crashfree driving behaviour when combined with the Enhanced IDM ( Figure 4 , where additional criteria are presented in bold). Drivers of vehicles that satisfy all of the passing criteria in Figure 4 will accept their gap, and initiate a passing manoeuvre.
Model parameters
A complete list of traffic model parameters is presented in Appendix 1 (Tables 9 and 10 ). The justifications used to implement some of these parameters are detailed below.
Target velocities. Normal distributions were fitted to free flow velocity data published by the UK's DfT. 20 These distributions were randomly sampled to give the desired velocity parameter v 0 (required by the enhanced IDM) for each simulated vehicle.
Maximum acceleration. The maximum acceleration parameter is defined slightly differently between the enhanced IDM and TTC models. To maintain consistency, maximum accelerations of 1.4 m/s 2 for cars and vans and 0.7 m/s 2 for HGVs were taken from Kesting et al. 10 Desired overtaking velocity. The fixed desired overtaking velocity of 29.2 m/s suggested by Ghods 13 does not represent the conditional nature of passing. To correct for this, a desired overtaking velocity equal to 4.2 m/s higher than the LV velocity is used, as proposed by Kim and Elefteriadou. 21 Calibration and validation Data . Both calibration and validation of the model were performed using single carriageway traffic data collected for UK roads. The DfT collects speed and traffic flow data for thousands of road links throughout the United Kingdom. 22 Suitable links (e.g. single carriageway rural roads with few intersections) were difficult to find within this database; however, five links were discovered with suitable characteristics. Table 3 provides information regarding the five chosen links.
Among these road links, AL1348 was selected for calibration purposes due to its relatively high vehicle flow rates. This allowed the single carriageway model to be calibrated under a wide range of traffic Calibration. Figure 5 depicts both the baseline (pre-calibrated) and calibrated models in comparison with the AL1348 data. In the pre-calibrated simulation, measured free-flow velocities for single carriageway roads, provided by the DfT, were used for the 'desired velocity' parameter v 0 and its standard deviation. The time headways T were those suggested by Kesting et al. 10 It can be seen that the pre-calibrated model (red circles) does not fit the measured data (blue dots) well.
The measured free-flow velocities were found to underestimate the values of v 0 needed to match the measured fundamental diagram for the traffic stream. This is probably because the DfT data was an average over many road links and was therefore collected under 'non-ideal' conditions -e.g. road links having curves, hills or not being completely clear. The measured value for cars and vans (48 mile/h) was therefore increased by 30% to give a desired velocity v 0 slightly above the 60 mile/h speed limit. Similarly, the measured standard deviation of the free-flow velocities was reduced to provide the standard deviation of v 0 . This gave values that more closely matched observations made by Nezamuddin et al. 24 The time headways T suggested by Kesting et al. 10 were also reduced by 33%. This resulted in cars, vans and HGVs having desired headways of 1 s, 1 s and 1.3 s, respectively. According to Martin, 25 realistic values of T vary between 0.8 s and 2 s.
The pre-and post-calibration values of the key parameters are displayed in Table 4 . The calibrated model (black diamonds in Figure 5 ) fits the measured data well.
Validation. The calibrated single carriageway model was tested against data from the remaining four road links. As discussed above, these roads differ with respect to their speed limits, lengths and passing opportunities. Their maximum flow rates, however, are all distinctively low. This validation process therefore tested the model's ability to simulate road features (e.g. passing lanes, speed limits) and lowdensity traffic flow behaviour. Figure 6 compares the simulated fundamental diagram against speed-flow data for the four road links. The model performs accurately despite the wide range of simulated conditions. (The calibrated model data for links AL1331 and AL1798 is less scattered due to the higher presence of 30 mile/h and 40 mile/h speed limit zones, which act to narrow fleet v 0 distributions.) The model provides slightly high velocity estimates in links AL1331 and AL1798. These discrepancies are likely a result of the model's road implementation assumptions (e.g. curves and shoulders are neglected). However, in general, the model provides accurate speed-flow estimates for single carriageway roads. 
Fuel consumption model

Energy consumption model
The energy model computes vehicular power consumption by post-processing the simulated trajectory data. The model considers the major, relevant forces that act on moving vehicles: accessory losses (e.g. air conditioning, lights), aerodynamic drag, rolling resistance, transmission losses and inertial forces.
Gravitational drag force was neglected here because all roads were assumed to be flat. Each term of the model's energy balance is detailed below. 11 Accessories loss
Aerodynamic drag
Rolling resistance
Total demanded power
A complete list of the energy model parameters is available in Appendix 2 (Tables 11 to 14 ).
Engine mapping structure
The fuel consumption model performs engine mapping at the output of the energy model. The demand power P developed in equation (7) is broken down into a demand torque and demand speed ! using equations (8) and (9), respectively
where G is the gear ratio, r dyn is the dynamic tyre rolling radius and v is the vehicle speed. The torque and speed produced by the engine will vary in accordance with the selected gear. However, by definition, their product will always equal the demanded power. and ! are then passed into the vehicle's engine map. Using a lookup table, the engine map generates the associated brake specific fuel consumptions (BSFC) -an efficiency metric with units g fuel /kWhby interpolating at the given engine (, !) operating conditions. From this, fuel consumption rates are easily found. 17 Engine maps. Vehicle manufacturers do not normally publish their (confidential) engine data -it is scarce in the open literature. This significantly limits the availability of accurate and relevant engine maps. Only four relevant original engine maps could be found and a fifth engine map was produced by scaling one of these four maps. These five maps were used to represent all vehicles in the UK fleet.
Three engine maps were selected to represent the distribution of car engines within the fleet: a 1.0 L (Petrol) 'Geo Metro' map, a 1.9 L (Petrol) 'Saturn' map and a 2.0 L (Diesel) 'VW Jetta' map. Each map was assumed to represent one or more of the most popular classes of UK cars -these classes were approximated using the Society of Motor Manufacturers and Traders (SMMT) new car registration data over the past 10 years. 26 By contrast, vans and HGVs were assumed to have homogenous engine types, as only a few heavy vehicle engine maps were found. All HGVs were assumed to use a Cummins M11 246 kW CI engine, whereas all vans were assumed to use a scaled version of the Jetta 2.0L 105 kW TDI engine. The scaling approach consisted of matching the maximum torque-speed curve of the Jetta 2.0L engine map to the maximum torque-speed curve of a target engine -in this case a 2013 Ford Transit Connect -and then using these scale factors to generate the remaining map. 27 A representative vehicle model was assigned to each engine map according to the quality and availability of its specifications online ( Table 6 ). In several instances, the selection process simply reduced to the availability of gear ratio data.
Vehicle parameters. Vehicle specifications including weight, length, dynamic tyre radius, drag area and gear ratios were established during the map assignment process. Other parameters, such as accessory losses, were not available for any of the models: therefore approximate values from Kim and Elefteriadou 16 and Summersgill et al. 28 were used instead. A complete list of the final vehicle dimensions and gear ratios is provided in Appendix 2.
Gear selection. The model uses a 'fuel optimal' gear selection scheme suggested by Kesting et al. 17 This framework is an idealistic representation of driving behaviour. Depending on the state parameters (e.g. speed, acceleration), drivers perform gear shifts such that they are always in their most fuel efficient gear Gðv, aÞ ¼ argmin½Qðv, a, G 0 Þ ð10Þ
where Qðv, a, G 0 Þ represents the fuel consumption for all of the possible gears G 0 . At each time-step, the model evaluates equation (10) in order to find and select the most efficient gear for each vehicle.
Verification. Simulations were conducted in order to verify the performance of the fuel consumption model over an exhaustive range of traffic densities. The simulated fuel economies for each engine map are compared against published 'city' and 'highway' fuel economies in Table 7 . In all but one case (1999 Geo Metro) the simulated fuel consumptions fell within the measured fuel economy ranges for these vehicles. This comparison is very approximate, because the drive cycles used for measuring 'Highway' and 'City' fuel economy bear little resemblance to the simulated vehicle duty cycles for single carriageway roads. Nevertheless, the fact that all but one of the simulated fuel consumption values are bracketed by the published ranges gives a reasonable level of confidence in the model.
Parametric study Passing opportunity analysis
The study of single carriageway traffic behaviour necessitated the simulation of long road sections (of sufficient length for the calculations to converge) with realistic passing zone lengths. Therefore, a procedure was developed in which single carriageway roads with representative passing opportunities were synthesised using probability distributions of passing lengths, measured on the five road links listed in Table 3 . Sample 'passing' and 'no-passing' probability distributions measured for road link AL1346 are shown in Figure 8 along with fitted Weibull probability distributions. Each road link was found to exhibit unique passing zone distributions. Link AL1346 has a large number of short passing and no-passing zones. Other links display fewer, longer zones resulting in less skewed distributions. Because of the discrete lengths of road sections, the road synthesis procedure can only generate roads with passing percentages of 88%, 84%, 72%, 62% and 37%. (100% and 0% HGVs: heavy goods vehicles. 
Simulation scenarios
The DfT consultation 1 indicated that the speed limit for HGV's greater than 7.5 tonnes may be increased from 40 mile/h to 50 mile/h or from 40 mile/h to 45 mile/h on single carriageways. This study considered the effects of the larger DfT speed limit modification -an increase from 40 mile/h to 50 mile/h. The consequences of increasing the speed limit to 45 mile/h were expected to follow similar trends, though to a lesser magnitude. To evaluate the effects of this change on fleet behaviour, the study evaluated scenarios in which traffic density and HGV desired speeds were varied.
Varying traffic densities. The study simulated an exhaustive range of traffic densities by varying the number of vehicles on the roads. The model simulated densities ranging from 1.1 veh/lane.km to 112.5 veh/lane.km. The lower value represents free-flow traffic whereas the higher value represents bumper-to-bumper congestion.
Varying HGV speed limit. The study simulated the change in HGV speed limits by adjusting the probability distributions of the HGV desired velocities v 0 . For the 40 mile/h HGV speed limit scenario, fleet desired velocities were set to the desired velocities in the calibrated, single carriageway model (see Table 4 ). This is because the 40 mile/h scenario represents the current, standard UK road conditions which were considered throughout the development process of the single carriageway model. In simulating the 50 mile/h HGV speed limit scenario, the study implemented an 'idealised driver' approach. Desired velocities were set precisely to 50 mile/h with zero standard deviation, ensuring that HGV drivers never exceed the speed limit (Table 8 ). (Without any 50 mile/h HGV free-flow statistics for single carriageways, the 'idealised driver' assumption reflects a conservative approach to approximating v 0 for the 50 mile/h speed limit scenario. Increased speed limits are widely known to result in increased fleet speeds with some vehicles exceeding the speed limit, though the precise numerical relationship is less clear. 31 The effects of speed limit changes on velocity distributions are further uncertain: studies have found reductions in standard deviations for both higher and lower speed limits. The HCM 32 suggests that the posted speed limit be used as a surrogate in the absence of freeflow speed field data -the approach which was adopted here.)
Congestion and passing frequency metrics
The level of traffic congestion was quantified using the metric developed by Morrison et al. 11 This defines congestion C as the extent to which vehicles are restricted in reaching their desired velocities
where v n and v 0,n are the average and desired velocities of the nth vehicle, respectively. A congestion value of C ¼ 0 indicates free-flow conditions whereas C ¼ 1 indicates stationary traffic. This approach allows comparison of congestion levels between different traffic states.
Passing behaviour was quantified using a single metric: the fleet-averaged passes per vehicle.hour. This passing frequency metric provides an intuitive way to quantify the passing behaviour of entire vehicle fleets.
Results and discussion
Impact of raised HGV speed limit on the fundamental diagram . Figure 9 depicts the fundamental diagram for both the 40 mile/h and 50 mile/h simulation scenarios. At very low congestion levels (towards the right of the chart), vehicle interactions are infrequent. Consequently, vehicle speeds are approximately equal to their desired velocities -the 50 mile/h scenario velocities being on average around 6 mile/h higher than the 40 mile/h scenario velocities. This observation is particularly pertinent to single carriageways, where flow rates tend to be low. As traffic approaches bound flow (at the top of the chart), vehicle interactions increase and faster fleet vehicles begin to platoon behind the slowest vehicles. The extent to which traffic is slowed depends on the speeds of the slowest moving vehicles -the 40 mile/h HGVs cause distinctly more traffic delays than the 50 mile/h HGVs. When congestion is high (left of the chart) all vehicles are restricted in their speeds: therefore HGV speed limits have no influence on traffic behaviour in this region. Impact of raised HGV speed limit on traffic congestion. Figures 10 shows the congestion levels for both simulated traffic scenarios using the congestion metric C, defined in equation (11) . The effects of speed limit on congestion are most apparent in the free-flow/ bound-flow transition region ($20 veh/lane.km), where drivers are restricted most by the slowest moving vehicles. In this region, congestion is reduced by an average of 31.5% and up to 37.3% using the 50 mile/h HGV speed limit. This could yield significant economic benefits to the travelling public.
The two curves converge for densities above 40 veh/lane.km where the HGV speed limit has a negligible effect, because congestion is so high. Note, however, that single carriageways rarely reach such high densities. 31 Passing. Figure 11 depicts the passing frequencies for both the 40 mile/h and 50 mile/h scenarios as a function of traffic density. Passing is considerably more frequent in the 40 mile/h scenario than the 50 mile/h scenario. Vehicles only consider overtaking if the leading vehicle restricts their ability to reach desired speeds. The wider distribution of desired speeds in the 40 mile/h case increases the number of these desirable passing states. Furthermore, drivers need smaller passing gaps to overtake slower vehicles. This makes passing in the 40 mile/h scenario more feasible than in the 50 mile/h scenario, especially in medium densities (20-40 veh/lane.km).
These passing results could have traffic safety implications; however it is only possible to speculate on these without further research. According to Wong, 32 the number of fatal accidents in the United Kingdom involving vehicles passing HVGs averages 5 per year, which is relatively low. The maximum realisable benefit from reducing single-lane passing would therefore be to eliminate these 5 annual fatalities. However, while the 50 mile/h scenario may lead to fewer passing manoeuvres, the severity of the passing-related accidents would likely increase -perhaps leading to even more fatalities. Therefore the overall safety outcome is difficult to predict. Impact of raised HGV speed limit on fuel consumption. Figure 12 depicts the average fuel consumption of the entire vehicle fleet as a function of traffic density for both HGV speed limit scenarios. In the free-flow region, fuel consumption is highest in the 50 mile/h scenario as vehicles are travelling fasterthus having to overcome greater aerodynamic drag. Fuel consumptions in the bound flow region become more comparable as the differences between the two fleet velocities decrease. Fleet fuel consumption is on average 0.5 L/100 km higher when using the 50 mile/h HGV speed limit in this region. However, this increase is mostly due to HGVs, as their fuel consumption increases by an average of 2.0 L/100 km. In the congested region, the sharp rise in consumption is related to the presence of stop-start traffic jams, as the power required to overcome inertia increases. The 50 mile/h fuel consumption is slightly higher than the 40 mile/h fuel consumption in this region due to the higher accelerations present in the fleet. 18 However, this may be an artefact of the IDM as it is not obvious that drivers in heavily congested traffic accelerate harder if there is a higher speed limit. It is probably more realistic to assume that the fuel consumption is unchanged in this region. Results were compared with published manufacturer fuel economies to verify they were within range. ii. Traffic in the free-flow region is most influenced by the slowest vehicles on the road. Congestion is reduced as a result of narrowing the distribution of vehicle speeds within the fleet. The proposed 50 mile/h speed limit on single carriageway roads is therefore expected to reduce traffic congestion by as much as 37.3%. iii. Passing frequencies are expected to reduce with the proposed 50 mile/h speed limit, however, passing vehicles would likely be travelling at higher velocities. More work is therefore needed to fully understand the resulting safety implications. iv. Fleet fuel consumptions rise by an average of 0.5 L/100 km when using the 50 mile/h HGV speed limit. This increase is mainly due to higher aerodynamic losses at the higher average speeds in the free-and bound-flow regimes.
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Conclusions
In summary, the results from this study provide an argument in favour of the new, 50 mile/h HGV speed limit: it would considerably reduce traffic congestion and its economic impacts. Fleet fuel consumption would rise, although only by a small margin. Improvements in traffic safety due to reduced passing were not thoroughly assessed in this study. A more detailed analysis of safety considerations is needed to determine whether the 50 mile/h speed limit would increase or decrease the risk of casualties due to passing accidents. The effect is likely to be small.
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